Thalassemia Reports 2018; volume 8:7480
Hereditary hemoglobin disorders, also termed haemoglobinopathies, include mainly beta -thalasszemia and sickle cell disease and represent the most common monogenic disorders in human. Cardiac complications are still a leading cause of mortality and morbidity in patients with haemoglobinopathy, although heart disease due to either severe anaemia or iron overload have dramatically reduced in patient populations receiving modern regular therapy and follow-up (1, 2) . The spectrum of cardiovascular manifestations in haemoglobinopathies is wide and includes ventricular dysfunction, pulmonary hypertension, pericarditis-myocarditis, arrhythmias stroke and thromboembolic events.
Τhe two main determinants of cardiovascular phenotype in haemoglobinopathy patients are the underlying molecular defect responsible for the main disease and the therapy applied for its management (3) . In beta-thalassaemia, the basic defect is quantitative and concerns the reduction or total depletion of β-globin chain synthesis with a relative excess of α-globin chains that results in ineffective erythropoiesis. Ιn sickle cell disease, on the other hand, the basic defect is qualitative, as a substitution at sixth amino acid in the β chain leads to the synthesis of an abnormal hemoglobin, hemoglobin S, instead of the normal hemoglobin A (4). The common denominator of both molecular defects is the development of chronic haemolytic anaemia, which, particularly when severe and untreated, leads to cardiovascular complications including left and right ventricular dysfunction and pulmonary hypertension (3) . In addition, the applied disease-specific therapy may further modify the cardiovascular phenotype by preventing some complications while promoting some others (Figure 1 ).
Left ventricular dysfunction is the result of several pathophysiological mechanisms, of which high output state and iron overload are the most important ones. Other components of the complex pathophysiology of left ventricular dysfunction include vascular disease (structural and functional) and acute myocarditis. High output state is associated with chronic anaemia and increased percentage of hemoglobin F; significant and un-or mal-treated anaemia results in compensatory bone marrow expansion, while hemoglobin F binds to oxygen with greater affinity than hemoglobin A and as a result, there is a reduced tissue oxygen delivery (5) . Iron overload cardiomyopathy is primarily seen in transfusion-dependent patients, namely those with thalassemia major or other haemoglobinopathies patients that require regular blood transfusions (e.g., thalassemia intermedia). Repetitive blood transfusions, ineffective erythropoiesis, increased peripheral hemolysis, increased intestinal absorption and lack of proper iron chelation therapy are the main pathogenetic mechanisms associated with the development of iron overload cardiomyopathy (1, 6) . Iron overload causes further injury to liver and endocrine glands, while it is also believed to affect the immune system causing susceptibility to infections as well as the vascular function, effects that also contribute to the pathophysiology of iron overload cardiomyopathy (7) . Acute myocarditis has also been reported as a cause of left ventricular dysfunction and heart failure in thalassaemia major. In addition, beta-thalassaemia and sickle cell disease patients seem to suffer from a complex vasculopathy. This vasculopathy involves both a functional component, characterized by endothelial dysfunction and increased arterial stiffness as well as a structural component concerning an elastic tissue defect similar to the one observed in hereditary pseudoxanthoma elasticum (8, 9) .
Pulmonary hypertension is a leading cause of cardiovascular morbidity in haemoglobinopathies. In thalassaemia intermedia, pulmonary hypertension has been reported in up to 60% of patients not receiving blood transfusions, while in sickle cell disease, it is reported in up to 40% of cases (10) . The pathophysiology of pulmonary hypertension is quite complex with several haemoglobinopathy-related factors and other non haemoglobinopathy-related ones holding key roles. Haemolysis, anemia and hypercoagulable state associated with the main disease represent two important factors in the pathogenesis of pulmonary hypertension, leading to increased pulmonary resistance and high cardiac output, while left ventricular dysfunction and pulmonary disease contribute further to the pathophysiology of pulmonary hypertension (10) .
The right ventricle also seems to be affected by the above-mentioned mechanisms. Left ventricular dysfunction and pulmonary hypertension are important causes of secondary right ventricular dysfunction, while primary right ventricular cardiomyopathy has also been described in patients with thalassaemia major (11) .
Regarding the clinical phenotypes of heart disease, high-output failure and iron overload cardiomyopathy are the two main forms of left ventricular cardiomyopathy. High output failure develops typically in thalassaemia major patients who not regularly transfused and therefore suffer from severe chronic anaemia. Iron overload cardiomyopathy is seen in regularly transfused patients with thalassaemia major that are not properly chelated. Thalassaemia major patients who are properly transfused and chelated have minimal or no heart disease. Pulmonary hypertension is the main cause of heart failure in patients with thalassemia intermedia who are not regularly transfused and is also found with a lower frequency and severity in patients with sickle cell disease (3). The leading cardiac complications in the different forms of haemoglobinopathies are summarized in Table 1 .
All the mechanisms previously described set in frame the common pathophysiologic pathways in heart diseases in haemoglo- binopathies. The main two determinants of heart disease's phenotype are physician's therapeutic decision and patient's compliance with therapy. These two parameters are the most significant to take into consideration in order to prevent and manage cardiovascular complications in haemoglobinopathies (Figure 1) .
Addressing the pathophysiology of haemoglobinopathies is the key to disease-specific therapy including blood transfusions (regular or upon demand) and iron chelation regimens (12) . In thalassaemia major patients, regular blood transfusions to maintain a pre-transfusion level of hemoglobin ≥10 g/dL allows normal growth, prevents anaemia-related complications such as high output state, hypercoagulability and infections and ensures good quality of life (1, 3) . Iron chelation therapy prevents or manages effectively heart, liver and endocrine disease resulting from iron overload (3) . In fact, iron overload cardiomyopathy is nowadays one of the few truly reversible cardiomyopathies. Modern therapy of thalassemia major, consisting of regular blood transfusions and iron chelation guided by cardiac magnetic resonance, has actually changed the course of the disease.
Many patients with thalassemia intermedia and those with sickle cell disease are in most cases non-transfusion dependent. Blood transfusions upon demand (in thalassaemia intermedia) or exchange transfusions (in sickle cell disease) in combination with iron chelation and/or hydroxyurea are considered as therapeutic modalities upon the development of disease complications (13, 14) .
As haemoglobinopathies are demanding clinical entities with multi-system complications, the need for multidisciplinary care in dedicated clinics is of outmost importance. Cardiovascular complications require special care and regular follow-up. In transfusiondependent patients who develop cardiomyopathy and/or iron overload, as documented by cardiac magnetic resonance, regular blood transfusions aiming at haemoglobin ≥10 g/dL and combined intenProceedings Book sive iron chelation plus heart failure therapy (renin-angiotensinaldosterone system inhibitors, β-blockers, diuretics, device therapy) are key stones in the management of those patients to improve symptoms and prognosis (3) . It should be stressed the effect of cardiac magnetic resonance on the survival of those patients; it has been observed a 72% reduction of mortality due to timely diagnosis of iron overload since early 00's and a 62% reduction of allcause mortality (15) . A regular follow-up consisting of clinical examination, electrocardiogram, chest radiogram and echocardiography is suggested in all patients. In absence of heart disease, the follow-up is repeated annually and every 6-12 months in case of iron overload (3) . Cardiac magnetic resonance is recommended in transfusion dependent patients and repeated according to the clinical course of heart disease. These timeline periods are indicative; on development or change of symptoms and on diagnosis of heart disease, cardiovascular assessment should be repeated according to the proposed algorithms (3). Finally, treatment of endocrine and other comorbidities in incident haemoglobinopathies and lifestyle modifications that promote cardiovascular health (smoking cessation, regular physical activity, weight control) are also important for the prevention and management of cardiovascular complications.
To summarize, heart disease nowadays is not a leading cause of morbidity and mortality in optimally treated patients, thanks to disease-specific therapy and multidisciplinary management that render cardiovascular complication preventable. Even in the occurrence of heart disease, the early recognition and the effective management that current diagnostic and therapeutic modalities and the knowledge of pathophysiology of the disease offer make heart disease treatable. Regular cardiovascular monitoring in the context of multidisciplinary care and close collaboration with the haemoglobinopathy center are however warranted to ensure the above benefits accomplished by modern therapy and reduce further the morbidity of heart complication in these patients. 
